AN ECONOMIC EVALUATION OF NORTH CAROLINA’S ENERGY GRID USING VARIOUS RENEWABLE ENERGY RESOURCES: A STUDY OF THE COST OF INTERMITTENCY IN RENEWABLE ENERGY GENERATION by Bravante, Matthew
  
 
AN ECONOMIC EVALUATION OF NORTH CAROLINA’S ENERGY GRID 
USING VARIOUS RENEWABLE ENERGY RESOURCES: 
A STUDY OF THE COST OF INTERMITTENCY IN RENEWABLE ENERGY 
GENERATION 
 
 
 
 
Matthew Bravante  
 
 
 
An honors thesis submitted to the faculty of 
the Kenan-Flagler Business School at the  
University of North Carolina at Chapel Hill. 
 
 
 
 
 
 
Chapel Hill  
2019 
 
 
 
 
 
Approved by                                                   . 
(Dr. Carol Hee)  
 ii 
 
 
 
 
 
 
 
 
Acknowledgements: 
I would like to thank Dr. Carol Hee for her effort and care as a mentor; Dr. Kim Allen, 
Dr. Greg Brown, and Lingmei Howell for their commitment to my development as a 
Kenan Scholar; Dr. Patti Harms for her assistance with the development of the thesis; and 
finally all my family and friends for the continued support.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 iii 
 
 
 
ABSTRACT 
Matthew Bravante 
An Economic Evaluation of North Carolina’s Energy Grid Using Various Renewable 
Energy Resources: 
A Study of the Cost of Intermittency in Renewable Energy Generation 
(Under the direction of Dr. Carol Hee) 
 
 
 Technological improvements have led to plummeting costs for various renewable 
energy resources. Renewable energy creates energy without emitting carbon dioxide and 
is a leading solution in the efforts to mitigate climate change. As climate change becomes 
harsher, the need to transition to an electricity grid serviced largely by renewable energies 
becomes more apparent. Whether or not renewable energies can service the entire grid in 
a cost-effective manner is currently debated by experts. This study evaluates the total 
costs of servicing North Carolina’s grid with renewable energy or natural gas. This study 
concludes that natural gas is currently the more economically viable option. However, in 
the near future, renewable energies will have a cheaper total cost. As renewable energy 
becomes cheaper, there will be an influx of renewable energies to the grid, and with them 
a lot of challenges with maintaining the stability of the energy grid.  
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INTRODUCTION 
 
Research Question 
This study estimates the economic viability of a 100 percent carbon-free electric 
grid for the state of North Carolina (NC). Energy prices of variable renewable energies 
(VREs) have fallen radically in the last ten years and are becoming cost competitive with 
traditional generation sources. Whereas traditional generation sources are limited by 
finite fossil fuel resources, VREs are energy-producing sources that have, practically 
speaking, unlimited fuel supplies. While some major industry indices, such as the 
Lazard’s Levelized Cost of Electricity (LCOE) study and the National Renewable Energy 
Laboratory’s Annual Technology Baseline (ATB), report that VREs are cheaper than 
energy sources dependent on fossil fuels, such as natural gas, coal, and oil, debate persists 
as to whether this is true on a grid-wide scale.   
The debate about the true cost of VREs stems from the fact that VREs produce 
energy intermittently. The nature of electricity production and consumption requires that 
the amount of energy produced at any point in time be equal to the amount of energy 
demanded at that point. Solar power and wind power — the two VREs examined in this 
study — are not dispatchable; that is, the production of solar-based and wind-based 
energy cannot be increased or decreased according to customer demand. VREs need to 
become dispatchable in order to service the grid by themselves. In order to do this, the 
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VRE generation would need to be overbuilt; that way, some of the energy produced can 
service the grid during the day and some of the energy can charge batteries to be used in 
the hours of the day when wind and solar-powered facilities are not in operation. This 
overbuilding and additional storage increases the total cost of power generation, which of 
course, adds additional cost over the unit price that the industry indices report. This 
additional cost is often overlooked when considering the cost of VREs compared to 
traditional fuel sources like coal and natural gas. In order to accurately assess the viability 
of a fully VRE powered grid, the need for overbuilding must be factored into the 
analysis. 
This study assesses the cost of servicing the entire grid with VREs and compares 
that cost to the cost of a grid serviced by natural gas, a more traditional asset. Using the 
total 2018 demand from the Duke Energy electricity grid in the Carolinas, this study 
found the cheapest way to meet this stated demand first with VREs and then with natural 
gas. In the first model, the demand was met every hour by a combination of VREs, 
energy storage, and the current nuclear capacity. The second model accomplished the 
same task with natural gas and the current nuclear capacity. By addressing the issue of 
dispatchability through overbuilding and battery storage, this study gives insight into the 
true costs of VREs and what a viable VRE-powered grid would look like.  
The Importance of the Research Question 
 Evaluating the economics of a 100 percent carbon-free electricity grid is 
important because of the increasingly dangerous effects of greenhouse gas emissions and 
climate change. In 2018, the International Panel on Climate Change and the U.S. 
National Climate Assessment published ominous reports detailing what inaction on 
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climate change will look like in the near future. North Carolina has already felt the effects 
of climate change in the form of larger than usual natural disasters like forest fires and 
hurricanes (Thie & Tart, 2018).  
 A large strategy within the climate change mitigation efforts is decarbonizing the 
energy grid. Most of the current energy sources, like coal, oil, and natural gas, emit 
carbon dioxide into the air. As a greenhouse gas, anthropogenic carbon dioxide emissions 
are a primary driver of climate change. Lowering the carbon dioxide intensity of the 
energy resources used to power the grid is necessary if the world is to reach the current 
climate change mitigation goals and avert serious effects. Because they produce 
electricity without emitting greenhouse gasses, VREs could play a direct role in 
achieving this goal (Allen et al., 2018).  
There is often a debate about the potential for the economic success of VREs’ 
penetration deep into the grid. Understanding the economics of grid-wide VREs could 
help legislatures address the climate issues that North Carolina faces in a swift and 
effective manner, which could save North Carolina millions of dollars in the future and 
lead to better environmental outcomes for all residents of North Carolina.  
Key Findings of the Research 
 This study arrives at two main conclusions. The first being that although the unit 
price of VREs is now cost competitive with the unit price of natural gas, natural gas is 
still the cheaper option to cover the entire grid. The cost increase required to make VREs 
dispatchable, mainly derived from the need for energy storage, makes a grid serviced by 
natural gas much cheaper at this time. The vast majority of the 2019 simulations showed 
that natural gas was a cheaper option. 
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 The second conclusion is that VREs, even with the added cost of making them 
dispatchable, will become cheaper than natural gas within the next seven to ten years. 
Using the projected costs, natural gas narrowly edges out VREs in the 2025 simulations, 
and VREs become cheaper by the 2029 simulations. When these points are assigned to 
trend lines, the lines show VREs becoming cheaper than natural gas at some point 
between 2025 and 2029. The prices are merely estimates; however, if the trendlines are 
directionally correct, VREs will be the most economically favorable option to provide 
energy to the entire grid in the near future. 
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OVERVIEW OF ENERGY SOURCES 
 
This section provides an overview of each of the energy sources being evaluated 
in this experiment. Some of these technologies will be directly involved in the study, and 
others will be indirectly involved.  
Directly Involved Energy Sources  
Natural Gas 
Natural gas is currently one of Duke Energy’s most prevalent energy resources in 
North Carolina. Natural gas is a blend made up primarily of methane that can be burned 
in a power plant to create energy. This mixture is burned and combined with compressed 
air to make an extremely hot gaseous mix. This mix is fed through a turbine that spins 
and creates electricity. Natural gas is abundant in the US; and, compared to coal, it is 
cleaner and cheaper to use in energy production. According to the Energy Information 
Association, North Carolina does not have any commercial natural gas production, but it 
is increasing its share of natural gas burning with purchases made from intrastate 
pipelines. Today, roughly 30 percent of the energy produced in North Carolina comes 
from natural gas (Energy Information Association, 2018). Natural gas is a dispatchable 
fuel source, providing an advantage for Duke Energy, the primary provider of electricity 
in North Carolina. Their customers’ demand changes frequently throughout the day, and 
natural gas can follow that demand curve closely. The dispatchable nature of natural gas 
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allows Duke Energy to guarantee its customers electricity at all times without requiring 
the construction of any excess infrastructure.  
Wind 
 Wind power is produced by large turbines that use the wind to rotate blades 
creating energy. As of right now, wind energy does not play a role in North Carolina’s 
energy grid but has the potential to play a role in the 
future. With current wind turbine technologies, the 
wind speeds in North Carolina are not strong enough to 
make land-based wind competitive with North 
Carolina’s cheap solar power. The future of wind 
energy in North Carolina, however, is promising with 
several advances in wind energy technology. North 
Carolina has great potential for offshore wind power 
production; and as that technology gets cheaper, the 
state could develop into an extremely profitable place for 
offshore wind. There is also a greater potential for the viability of land-based wind power 
production in North Carolina if the turbines continue to increase in size. The National 
Renewable Energy Laboratory published a study of wind speeds at certain heights for the 
state of North Carolina, and the results were promising. Figure 1 shows the difference in 
wind speeds of turbines with 100-meter hub height and those with 140-meter hub height. 
It is plain to see that an increase in turbine hub height corresponds with an increase in 
efficiency. If wind turbines follow the historical trends of height increase, North Carolina 
could become a viable place for both onshore and offshore wind power production (Wind 
Exchange, 2018). 
Table A 
Figure 1: Wind Energy Output in NC 
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 It is important to understand the future of wind energy in the state for the purpose 
of this study, but the study only simulates energy production data created by current 
technologies and uses price forecasts based on current industry data to predict future 
costs. The total cost of the VRE simulations is not reduced by the potential changes 
discussed above, and the prices correspond with what industry analysts currently predict. 
Solar 
Solar energy makes up approximately 5 percent of the current generation in North 
Carolina, and North Carolina has the second most solar installations in the country behind 
California (Energy Information Association, 2018). There are different ways to create 
solar energy, but this study only evaluates the utility scale photovoltaic solar farms 
because these types of solar farms are the most economically viable. Photovoltaic solar 
cells create energy using the sun’s rays. When a solar ray hits the solar panel, it excites 
atoms and frees electrons to 
travel through a gradient, 
creating an electrical current. 
This process has become 
extremely efficient, and as a 
result, solar energy has 
become one of the cheapest forms of energy today. The biggest problem with solar power 
is that it is only viable when the sun is shining, and its production peaks in the middle of 
the day. Figure 2 shows the typical energy production curve of different types of 
photovoltaic solar panels. This trend is extremely predictable and consistent (Energy 
Information Association, 2018). This curve, however, does not match up with the average 
demand curve of the energy utilities; and it needs to be paired with energy storage in 
Figure 2: Solar Energy Production Profile 
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order to make it dispatchable, adding additional cost. Therefore, the only way to truly 
compare the cost of solar and dispatchable energy sources is to measure the total cost of 
the solar and storage combination that has the ability satisfy the total demand.  
Lithium Ion Batteries 
 One of the most prevalent types of energy storage is lithium ion battery storage. 
The price of this technology has dropped rapidly since the advent of the mass produced 
electric car (Kapoor & MacDuffie, 2018). Battery power is measured by two different 
metrics: watts and watt hours. The term ‘watts’ is a measure of power which the battery 
can produce at a given time, and the term ‘watt hour’ is the measure of the total energy 
expended over a period of time. To analogize, if a battery was a pipe, the size of the pipe 
would be the number of watts, and the total amount of water flowing through the pipe 
would be the watt hours. If a one watt battery expended energy for an hour it would 
create one watt hour.  
Large scale lithium ion battery technology is still in its infancy and is currently 
not being used in North Carolina in a significant way. There are technological hurdles to 
overcome, the biggest being the short time duration that batteries can store energy. 
Batteries cannot hold a charge forever; and when they get turned on, they can only last 
four to six hours on average. However, despite its youth and technological shortcomings, 
industry experts have said that lithium ion battery storage is added onto a large amount of 
the solar projects they are bidding out at this time. There are many upsides to the 
technology, and the technology is predicted to get more efficient as the industry matures. 
The energy industry has started to price the battery industry in depth as well as project 
future costs. The prices used in this study are based on industry reports on the battery 
market.  
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The lithium ion market is projected to grow rapidly in the next ten years. NREL 
predicts that, on average, 50 gigawatts of power output will be added every year. By 
2025, it is projected that there will be 1.5 million gigawatt hours added to the grid each 
year (International Renewable Energy Agency, 2018). This represents a large amount of 
growth in a short period of time, and experts are unsure about how this will affect the 
supply or cost.  
Indirectly Involved Energy Sources 
Nuclear Power 
 Accounting for approximately 33 percent of the total generation, nuclear power 
also plays a large role in Duke Energy’s grid. (Energy Information Association, 2018). 
Nuclear power is created by nuclear fission, a process that splits uranium atoms and 
creates heat. This heat produces steam that turns a turbine, which, in turn, generates 
energy. Nuclear power is carbon free, which means that it does not emit carbon during 
generation. This aspect of nuclear power is beneficial in combating climate change 
through the mitigation of carbon emissions. Nuclear power is not considered 
dispatchable, but it is uniform in its production. This means that a power producer can 
choose how much energy to produce at the nuclear facility, but it will constantly create 
that much power without the ability to increase or decrease its output. This characteristic 
makes nuclear a great resource to cover the minimum amount of energy demanded 
throughout the day, but not a great resource to follow the hourly changes in demand. 
Nuclear is often paired with a dispatchable energy source. 
Nuclear power infrastructure is expensive to decommission, carbon free, and 
North Carolina currently gets roughly a third of its energy from it. Due to these 
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characteristics, I decided to use the existing nuclear capacity in all the simulations I ran. 
The VRE and natural gas models will be paired with the current nuclear capacity on the 
Duke Energy grid. In reality, this would mean that Duke Energy would not add or 
subtract any of their nuclear energy from production.  
Pumped Hydroelectric Storage 
 Pumped hydroelectric storage is the oldest form of energy storage. Depicted in 
Figure 3, pumped hydroelectric storage is the practice of storing water in two large 
reservoirs at different 
elevations, pumping water to 
the upper reservoir during an 
energy surplus and letting 
water flow down to the 
lower reservoir in an energy 
shortage. Currently, pumped 
hydroelectric storage accounts for 98 percent of the world’s total energy storage, and is 
currently the most stable and cost-efficient way to store energy (International Renewable 
Energy Agency, 2018). However, lithium ion battery storage and other technologies have 
the potential to surpass pumped hydroelectric storage.  
Duke Energy currently has roughly a gigawatt of pumped hydroelectric storage 
servicing its grid in the Carolinas, and it is renovating one of its plants right now to 
produce 200 megawatts of additional power (Wells, 2018). Duke Energy’s pumped 
hydroelectric storage plants currently store cheap nuclear energy at night when there is 
too much energy on the grid. However, experts are now looking into the implications of 
using pumped hydroelectric storage to help fill the time duration gap lithium ion batteries 
Figure 3: Pumped Hydroelectric Storage Concept 
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create when servicing VREs (Gulagi, Bogdanov, & Breyer, 2018; Locatelli, Palerma, & 
Mancini, 2015). Simply put, when there is demand for batteries that last longer than the 
lithium ion four-hour average, pumped hydroelectric storage can help extend the time. 
Pumped hydroelectric stations can be left to hold potential energy indefinitely and can 
serve VREs when battery storage runs out.  
This study does not directly account for a specific amount of pumped 
hydroelectric storage, but since it is currently cheaper than lithium ion batteries, the total 
cost curves are not affected. The use of pumped hydroelectric storage will be addressed 
in more detail in a later section. 
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LITERATURE REVIEW  
 
My research studies the economics of using variable renewable energies instead 
of fossil fuels to power North Carolina’s energy grid. The need to switch our energy grid 
to renewable energy from fossil fuels has been stressed in literature for decades through 
the warnings of climate change. The focus of these warnings has grown from broad 
overarching claims to specific measurements of current impacts and future consequences 
of climate change. These reports have led to an influx of subsequent research on 
mitigation strategies for greenhouse gas emissions, with the bulk of these strategies 
concerning the energy sector. The research has overwhelmingly found that VREs could 
be a low carbon substitute for the current carbon intensive fossil energies and has since 
focused on proposing solutions to the challenges associated with replacing fossil fuels 
with VREs.  
A report published last year by the Kenan Institute for Private Enterprise 
measured the difference in the cost of supplying North Carolina’s base load, or minimum 
energy demand, with either fossil fuels or VREs (Kelly et al. 2018). The study did not 
evaluate a total transition to a carbon free energy grid, it only evaluated the cost of 
supplying the minimum amount of energy required to maintain base load.  
My report will fill this gap by conducting an analysis similar to the KIPE study 
but go a step further to evaluate the cost of the entire energy demand from fossil fuel 
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power to carbon free power in the state of North Carolina based on today’s prices, as well 
as future price projections.  
In this literature review, I examine the progression of literature on the impacts of 
climate change, the energy technologies that could help curb climate change, the 
challenges posed by the intermittency of variable renewable energies, the solutions found 
for these challenges, and the importance of my research.  
Impacts of Climate Change 
The impacts of climate change have been known for decades. There have been 
many landmark discoveries over the past 120 years, leading all the way up to the current 
literature about present day impacts. There is even specific research about the state of 
climate change in North Carolina.  
Early Discoveries  
The first prominent paper outlining concern for climate change was published in 
1896 by Svante Arrhenius, a Swedish scientist. Arrhenius studied the dynamics of global 
temperature with respect to how ice ages formed and concluded that the Earth’s surface 
temperature was correlated with the levels of carbonic acid in the atmosphere. He also 
concluded that the burning of coal could change the levels of carbonic acid in the 
atmosphere, and, as a result, increase or decrease Earth’s temperature (Arrhenius 1897). 
This formed the basis for new research into the human effects on the earth’s climate. G.S. 
Calendar (1938) made the next landmark finding: a quantifiable rise in temperature and 
carbon dioxide emissions in the fifty years prior. This was the first paper that used 
prerecorded data to test Arrhenius’s theory.  
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Research on the topic steadily continued. A major public breakthrough came in 
1956, when a New York Times article cited Gilbert Plass’s work on climate change. Plass 
(1956) declared that at the current rates of carbon dioxide emissions, the earth would 
warm by 1.5 degrees Fahrenheit every 100 years.  
Hansen et. al. (1988) warned of the impact climate change could have on the U.S. 
economy in one of the first major reports on the specific effects of climate change. 
Hansen et. al. claimed, with 99 percent certainty, that the surface temperature of the land 
and ocean were higher in the previous decade than the prior 150 years because of 
pollutants released into the air by humans. The paper also asserted that human-generated 
emissions would lead to sea level rise, increases in storm frequency and severity, and 
varied weather patterns. Reports of this nature have continued to warn about climate 
change as the data collection on climate change has continued (Burke, Hsiang, & Miguel, 
2015).   
Present Day Climate Impacts and the IPCC Report 
Today, the scientific evidence for climate change is incontrovertible. The 
Intergovernmental Panel on Climate Change (IPCC) released a report in October of 2018 
called the “Special Report on the Warming of 1.5 Degrees Celsius Approved by 
Governments”. This report highlighted the difference between a temperature rise of 1.5 
degrees above pre-industrial levels agreed on in the Paris Climate Accords and a 
temperature rise of 2 degrees above preindustrial levels. The difference, seemingly small, 
is scientifically forecasted to be catastrophic for populations around the globe. The report 
outlines impacts and associated risks of different levels of temperature rise, the emission 
pathways and system transitions needed to keep us at 1.5 degrees Celsius above 
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preindustrial levels, as well as sustainable development tactics to respond and adapt to 
climate change (Allen et al., 2018). 
In light of persistent skepticism of the reality of climate change, it is important to 
note the effort and diligence that goes into the best reports on climate change. The IPCC 
report is one of the most in depth scientific reports ever created. The paper contains over 
6,000 references, and it represents the work of 91 lead authors from 40 different 
countries. It has 131 total contributing authors and was reviewed by 42,000 industry and 
governmental experts (Allen et al., 2018). This report has as solid of a scientific backing 
as any report ever created; its warnings are serious, its strategies are actionable; and it 
provides a clear new lens through which major climate policy can be evaluated. 
The United States has followed the example of the IPCC by publishing its own 
National Climate Assessment (Walsh et al. 2018). The National Climate Assessment 
asserts many of the same warnings as the IPCC report, but it covers the specific effects of 
climate change by US region. This report and others are helpful to gauge the effects of 
climate change on North Carolina.  
North Carolina Specific Effects 
The National Climate Assessment studied the southeast region of the US, which 
includes North Carolina. They concluded the three major risk factors for this region were 
rising sea levels, rising temperatures, and water security. These risks came along with the 
increasing frequency and severity of weather patterns and storms. North Carolina is 
currently facing the effects of a one degree Celsius increase and has seen 40 different 
storms each with one billion dollars of damage (Walsh et al. 2018). North Carolina has 
already lost billions of dollars to wildfires, heatwaves, and hurricanes that were 
intensified by climate change (Thie & Tart, 2018). 
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 Researchers have also studied the other effects of climate change on the state. 
Crimmins et. al. (2016) claims that the intensity of vector borne diseases will increase in 
the southeastern region of the U.S. with the increase in algae blooms and insect 
populations. The effects of climate change are dire and extreme, and the recent reports 
concur that there is a need to curb greenhouse gas emissions.  
Reducing Greenhouse Gas Emissions with Renewable Energy 
 Reducing greenhouse gas emissions is necessary if the world is to limit the 
increase in global temperature to 1.5 degrees C. Data shows the energy industry is the 
largest emitter of greenhouse gas emissions, and the reduction of emissions in the energy 
sector is absolutely necessary to meet stated climate goals (Allen et al., 2018). According 
to the Environmental Protection Agency, 65 percent of total global greenhouse gas 
emissions come from carbon dioxide, specifically carbon dioxide from the burning of 
fossil fuels. The Environmental Protection Agency asserts, “The burning of coal, natural 
gas, and oil for electricity and heat is the largest single source of global greenhouse gas 
emissions” (Environmental Protection Agency, 2018).  
Currently, approximately 85 percent of the world’s electricity comes from fossil 
fuels, and that number will need to be reduced to around twenty percent by 2050 and to 
zero percent by 2100 if the planet is to stay under 1.5 degrees C above pre-industrial 
levels (Allen et al., 2018). The IPCC also claims that the first step towards achieving this 
goal is a large influx of “low carbon” energy technologies. 
  Energy resources such as wind energy, solar energy and hydropower can play a 
large role in the energy transition, with nuclear and hydrogen power playing a smaller 
role (Soyez & Graßl 2008). Pricing data shows that the cost of generation for renewable 
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energy has decreased dramatically, and it is now cost competitive with fossil fuel 
generation (Sims, Rogner, & Gregory, 2003; Imelda, Fripp, & Roberts, 2018). However, 
this literature also points out the fact that even though renewable energies are now cost 
competitive on a levelized cost basis, there are still challenges to leveraging renewables 
due to their production characteristics, such as intermittency.  
Challenges and solutions for a Renewable Energy Grid 
Renewable energy is different from most energy sources in that it is hard to 
control. A lot of the research in this field has pointed out difficulties with transitioning to 
100 percent renewable power. This research has led to the search for solutions concerning 
renewable energy’s intermittency issue. 
Difficulties with Going 100 Percent Renewable 
 
Experts in energy all agree renewable energy poses a challenge because its output 
is variable and intermittent. A renewable energy power plant would be extremely cost 
effective if all the electricity it made was used. However, a renewable energy plant 
creates non-dispatchable power. A plant operator can decide when to burn fossil fuels and 
how much to burn, but an operator cannot influence when the sun shines or the how often 
and powerfully the wind blows. Renewable energy sources cannot produce energy when 
the grid wants it, only when the sun is shining and the wind is blowing. This means that 
VREs could not serve 100 percent of the energy grid’s needs on their own due to their 
lack of consistency (Markard, 2018; Gowrisankaran, Reynolds, & Samano, 2011; 
Heinberg, Fridley, & Post Carbon Institute, 2016). This problem has been identified 
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throughout literature, and the focus of research is starting to turn towards finding a 
solution to this problem.  
 
Solutions for Renewable Energy’s Intermittency 
A form of energy storage is needed to create a grid fueled solely by renewable 
energy. Experts debate the type of energy storage we should use. The most common 
types of energy storage in literature are pumped hydroelectric storage, compressed air 
energy storage, and battery storage. Pumped hydroelectric storage, mentioned in the 
overview, is the combination of two water reservoirs at different elevations that pump 
water up to the higher reservoir in times of excess energy supply and create hydroelectric 
energy like a normal dam in times of excess energy demand. Compressed air energy 
storage pumps air into a cavern in times of excess energy supply and releases air into a 
turbine in times of excess energy demand. Battery storage refers to the different types of 
chemical battery storage such as lithium ion batteries (Dell & Rand, 2001).  
Researchers are divided over which form of energy storage is best. There are 
multiple sources that believe pumped hydroelectric storage is the best form of storage 
based on current costs and technological maturity (Ren and Ren 2018; Jakub, Jerzy, & 
Magdalena, 2017; Klumpp, 2016; Paska, Kłos, Antos, & Błajszczak, 2012; Heinberg et 
al., 2016; Black & Strbac, 2006). There is also a faction of experts that see the recent 
developments in lithium ion battery technology as a sign of future dominance in the 
energy storage market (Budischak et al., 2013; Cucchiella, D’Adamo, & Gastaldi, 2016; 
Schmidt, Hawkes, Gambhir, & Staffell, 2017). The overwhelming credit both 
technologies have gotten throughout literature has prompted me to feature both 
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technologies in my experiment. I will include both pumped hydroelectric storage as well 
as lithium ion batteries in my analysis.   
The Importance of my Research 
 The impacts of climate change globally and within North Carolina are well 
documented. There is not a detailed study assessing the economics of using low carbon 
VREs to service North Carolina’s entire energy grid, and this project shows trends that 
can inform politicians and members of the energy industry of the possibilities of a low 
carbon future.  
Kelly et. al. (2018) present an analysis of the financial cost of replacing North 
Carolina’s base load, or minimum energy demand, with renewables. I expand upon this 
research by considering North Carolina’s entire energy demand, not just base load 
demand. I use up to date metrics from industry research, and I combine the energy 
technologies most favored by academic literature. This analysis reexamines the cost of 
the energy transition in North Carolina and provides research-based guidance to 
policymakers and industry leaders in North Carolina.  
Ultimately, I answer this question: What is the cost to change North Carolina’s 
entire energy supply from fossil fuels to renewables? This research provides information 
critical to understanding the optimal energy mix for North Carolina’s future and advances 
the energy transition in North Carolina. 
  
 
  
 20 
 
 
RESEARCH METHODOLOGY 
 
This study attempts to fairly assess the cost of using carbon free energy resources, 
specifically VREs and nuclear energy, to replace 100% of fossil fuels as the supply for 
the entire power demand of North Carolina. In this section, I outline my research design 
and the pricing data I used, descriptions of the VRE Model and the Natural Gas Model 
and simplifying assumptions and limitations for the experiment.  
Research Design 
This study uses different Levelized Cost of Electricity (LCOE) to determine grid-
wide costs of two scenarios: a grid serviced by natural gas and nuclear power and a grid 
serviced by VREs and nuclear power. The LCOE, a standard cost measurement used in 
the energy industry, evaluates the price of a unit of energy based on total costs and 
revenues of the project’s entire life. Simply put, I planned out large hypothetical power 
plants that can produce enough energy to meet North Carolina’s demand; I then explored 
what combination of the power plants create the cheapest total cost. I ran 14 different 
simulations of this experiment, changing the prices used each time.  
Specifically, I ran eight simulations with data from 2019, three simulations with 
data for 2025, and three simulations with data for 2029. The study assigned a LCOE to 
each of the specific types of energy and then summed the total price of all the energy 
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produced. The total amount of energy produced was determined by matching it, by hour, 
to the 2018 demand for energy from the North Carolina energy grid. Within the 
experiment, I grouped wind energy, solar energy, lithium ion battery storage, and nuclear 
energy into a VRE model and I grouped natural gas and nuclear together in the natural 
gas model. The natural gas model dispatched the exact amount of energy required to 
match the demand. The VRE model used energy production curves, detailed in the 
sections below, to meet the total demand in the cheapest way possible. I used a 
combination of Python and Excel’s solver functions to minimize the total system cost.  
Pricing Data  
The pricing data, seen in Table A, was pulled from various sources in the 
renewable energy industry. This data came from three distinct sources: Lazard’s 
Levelized Cost of Energy (LCOE) analysis and Levelized Cost of Storage (LCOS) 
analysis, the National Renewable Energy Laboratory’s Annual Technology Baseline 
(ATB), and firsthand conversations with industry experts in North Carolina. I had 
conversations with six individuals who work within the energy industry in either North or 
South Carolina, and these experts asked to remain anonymous.  
The pricing data for solar, wind, natural gas, and nuclear energy for 2019 came 
from Lazard’s LCOE report, NREL’s ATB report, and North Carolina experts. For the 
future prices of these sources, I used NREL’s ATB report. For the lithium ion battery 
Table A: Pricing Data 
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pricing in 2019, I relied on Lazard’s LCOS, and I leveraged historical pricing trends 
denoted by Bloomberg’s New Energy Finance division to estimate the future pricing. It is 
important to note that these numbers are national averages and projections; and, as such, 
cannot always be perfectly accurate for North Carolina’s specific situation. I had to 
estimate and average the numbers at various points throughout the study, and I justify 
these fluctuations with large price ranges for each energy source.  
These ranges were created by using multiple prices from each source for each 
year. Simulations 1 through 3 represent high, medium, and low costs for Lazard’s 2019 
pricing data; simulations 4 and 5 represent high and low costs I received from industry 
experts for 2019; simulations 6 through 8 represent high, medium, and low costs for 
NREL’s 2019 pricing data; simulations 9 through 11 represent high, medium, and low 
costs for NREL’s 2025 pricing data; and simulations 12 through 14 represent high, 
medium, and low costs for NREL’s 2029 pricing data. 
Description of the Models 
Natural Gas Model 
The natural gas model is based on the demand of the Duke Energy grid from the 
Energy Information Association. This file gave me 8,760 lines of data representing the 
total energy demanded for each hour of the year of 2018, starting with the hour between 
12 a.m. and 1 a.m. on January 1st. I first accounted for the nuclear power by removing 
the total nuclear production from the demand, and then I added the nuclear cost in after 
the fact. I did this so the natural gas would have to fill the hours that the nuclear did not 
fill in all 14 simulations. After doing so, I took the prices for natural gas in each of the 14 
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simulations and charged them to each megawatt hour consumed by the Duke Energy grid. 
This output 14 different data sets that I summed to find each simulation’s total cost.  
Variable Renewable Energy Model 
The VRE model uses a combination of solar energy, wind energy and energy storage 
to service the same demand curve used in the natural gas model. After discounting the 
nuclear production, I used energy production curves from a hypothetical solar farm and a 
hypothetical wind farm to find the optimal combination of farms necessary to satisfy all 
the energy demanded. These production curves showed exactly how much energy a wind 
farm or solar farm in North Carolina could make every hour; and I found the combination 
of wind farms, solar farms, and lithium ion battery storage that would meet the hourly 
demand at the cheapest cost.   
The wind and solar production curves were created from different sources. The solar 
production curve was created using a modeling software called PV Watts which outputs 
solar energy data for every hour in one year. The energy data was averaged from six 
different locations across North Carolina. The wind production data, in the same format 
as the solar data, was given to me by an anonymous source that works in the wind energy 
industry in the Carolinas. The final format of this data was, like the demand curve, 8,760 
lines of data representing the total amount of energy the wind or solar farm would 
produce every hour starting with the hour between 12 a.m. and 1 a.m. on January 1st.  
The simulation would change the optimal combination of solar, wind, and energy 
storage depending on the different prices outlined for that specific trial. The VRE 
simulation was also run for fourteen trials based on the pricing data, and the high and low 
costs were used to create sensitivity ranges.  
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Simplifying Assumptions and Limitations 
Simplifying Assumptions 
The study only evaluates the economics of these power grids, with all other 
sociopolitical restrictions or technological limitations omitted. There was no restriction 
on the amount of any of the VRE technologies used with the exception that amount of 
battery power used had to be less than the energy surplus used to charge the batteries.  
This study also does not account for any grid-wide upgrades needed to transition 
the grid from a centralized grid to a distributed grid, which would be required for a VRE 
based transition. Traditional grids create all the power at a large power plant and 
distribute the power from that location. A grid utilizing many small VRE plants would 
require distributed electrical grid infrastructure, and the cost of these upgrades were not 
considered in this experiment.  
Limitations 
There are some limitations that should be noted that impacted the results of these 
experiments. The modeling was done with these limitations in mind: 
1) The pricing data is not perfectly accurate. Firms report different pricing numbers 
for current prices, and future projections are even less precise. The simulations 
can only conclude likely outcomes with ranges added in for sensitivity.  
2) The technological challenges and future benefits of the integration of VREs 
cannot be completely determined. The problem with energy storage time duration 
can be currently solved with a combination of pumped hydroelectric storage and 
lithium ion batteries, but it is impossible to foresee all the unexpected difficulties 
of production and storage as well as the benefits of technology upgrades in the 
future.  
 25 
3) This simulation only accounts for energy demand from 2018. Other years could 
have a different demand curve, producing different cost numbers. Factors ranging 
from smart homes to a changing climate may significantly alter the total demand 
curve in the future which could in turn change the total cost of the energy grid.  
4) The models are restricted to an economic conclusion only, the political and 
environmental landscape could change the feasibility of these power plants, and 
considerations of this nature are outside the bounds of this experiment. 
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RESULTS 
 
 The following section summarizes the results from the total cost simulations for 
2019, 2025, and 2029. It will show the total costs from all the simulations breaking them 
down into sensitivity ranges, as well as a breakdown of the total power mix and energy 
mix used for each simulation.  
Total Cost Simulations 
There was more pricing data for 2019 than for either of the other years tested. The 
study tested high, middle, and low prices for Lazard’s LCOE data and for NREL’s ATB 
data. A high and low cost was also tested from numbers provided by industry experts 
who are involved in the energy business in North Carolina. Table B shows the total cost 
from all fourteen simulations conducted in the experiment. These figures are represented 
in millions of dollars, and the VRE model and the natural gas model are totaled for each 
simulation I ran. The simulations are grouped together by data source and by year. For 
Table B: Total Cost by Simulations  
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example, simulations 1 through 3 are grouped together because those simulations 
represent the high middle and low prices from the Lazard reports in 2019.  
Each simulation is illustrated in a range from lowest cost simulation to highest 
cost simulation. For 2019, it is broken up into three main categories by data source: 
Lazard, NC industry experts, and NREL.  Figure 4 shows the price ranges based on the 
first eight simulations that represent 2019.  
Lazard’s cost range for the natural gas simulations was approximately $11 billion 
to $24 billion per year, and its VRE range was approximately $13.5 billion to $25.5 
billion per year. The simulations of costs received from North Carolina industry experts 
ranged from approximately $11 billion to $19.5 billion per year for natural gas and 
Figure 4: 2019 Total Cost Comparisons 
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approximately $16 billion to $22 billion per year for VREs. NRELs ATB report numbers 
produced a natural gas cost range of approximately $10.5 billion to $21 billion per year 
and a VRE range of approximately $15.5 billion to $20 billion per year. Figure 5 shows 
the price ranges graphically and it is clear that in simulations that show 2019 prices, 
natural gas is cheaper than VREs. 
10 Year Trend 
 For the simulations of 2025 and 2029, the pricing came from the NRELs ATB. 
Bloomberg New Energy Finance’s New Energy Outlook was also used to extrapolate 
cost curves into the future. The data was averaged together, and the simulations were run 
Figure 5: Total Cost Comparisons 2019-2029 
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for 2025 and 2029 to find high and low total costs.  Figure 5 shows the total cost ranges 
for 2019, 2025, and 2029. 
 The 2019 cost ranges in Figure 5 are the same as the NREL averages in the 2019 
section. The total range for 2025 was approximately $11.5 billion to $19.5 billion per 
year for natural gas and approximately $12 billion to $20.5 billion per year for VREs. 
The 2029 natural gas total cost ranged from approximately $11 billion to $20 billion per 
year and the total cost for VREs ranged from approximately $11 billion to $18.5 billion 
per year. 
Figure 6 shows the averages of the data in Figure 5 as trend lines. This chart takes 
the averages of the data points from 2019, 2025, and 2029, and plots them along a 
polynomial trendline. These lines illustrate the downward trends in both technology 
groups as well as the point in time in which this model predicts that the total cost of 
VREs will be cheaper than the total cost of natural gas. Each line fits a polynomial 
Figure 6: Total Cost Trendlines 
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trendline to three data points, and those data points represent averages of high and low 
prices from 2019, 2025, and 2029. This graph shows general trends and cannot be used to 
forecast the exact point in time that VREs will be cheaper than natural gas. 
 
Total Power and Energy Mixes 
Total Power 
 The total power is the amount of megawatts North Carolina would need to have to 
be able to service the demand at all times. Simply put, the total power is the amount of 
power all the power plants in North Carolina would have to be able to produce in order to 
cover the demand.  
Table C shows the total power used by each resource in each simulation. Within 
each simulation, both the natural gas model and the VRE model are represented. The 
simulations are broken down in the same manner as before. The natural gas was held 
constant with my estimate of North Carolina’s current output. This is because natural gas, 
being dispatchable, only needed to make the minimum amount of power that the demand 
required. This characteristic allowed the natural gas resource to not be overbuilt, while 
maintaining the same maximum power output in each simulation.  
Table C: Total Energy Production by Simulation 
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The VREs power output varied slightly, but it was relatively consistent overall. 
The VRE model required approximately 22,000 more megawatts of energy infrastructure 
than the natural gas model, on average, over the fourteen simulations. 
Energy Mix 
The total power described above is the amount of energy needed at one point in 
time, often referred to as megawatts. The total energy used, also referred to as megawatt 
hours, is the amount of total energy used throughout the year. Throughout all fourteen 
simulations, the natural gas model used approximately 70 percent natural gas and 30 
percent nuclear. This is due to the fact that the amount of nuclear was held constant over 
the entire experiment, and natural gas was the only other resource used. 
 The energy mixes for VRE model, however, change depending on the relative 
prices of the wind energy, solar energy, and battery storage. The energy mixes from the 
three years tested are represented in Figure 7. The VRE model contains the same amount 
of fixed nuclear power as the natural gas model which is approximately 30 percent.  
The other technologies change slightly. Solar power usage decreased from 37 
percent in 2019 to 33 percent in 2025 and 31 percent in 2029. Wind power usage 
increased from 23 percent in 2019 to 25 percent in 2025 and 26 percent in 2029. Energy 
storage made up 13 percent in the 2019 simulation and then went up to 15 percent in 
Figure 7: Energy Production Mixes 2019-2029 
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2025 and 16 percent in 2029. These energy mixes were found to be optimal based on 
price only. 
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DISCUSSION 
 
This section will cover the key takeaways of the study. It will also assess the 
challenges that the results of this experiment stipulate, as well as recommendations to 
address these challenges.  
Key Takeaways  
Total Costs 
 The study assessed the total cost for fourteen energy production simulations that 
represented three different points in time. Together they predicted that the trends of cost 
decline would continue and that the total cost of VREs would eventually become cheaper 
than the total cost of natural gas. It is unclear when exactly the aforementioned switch 
will occur, but the simulation predicts it will be at some point in between 2027 and 2029. 
According to NREL’s ATB report, cost of VREs are predicted to continue decreasing 
past 2029 which would further increase the gap between VREs and natural gas.  
 It is important to understand that when VREs get cheaper than natural gas within 
the context of this study, it is only looking at it as a binary switch from one to the other: 
either all VREs or all natural gas. It does not consider a fleet of power generating assets 
partially of VREs and partially of natural gas. This suggests that, in the years preceding 
the 100 percent VRE mix being cheaper than the fossil fuel mix, the optimal energy mix 
from an economic standpoint will include progressively less gas and more VRE 
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production. As VREs make up a small portion of the total energy mix in North Carolina 
currently (Energy Information Association, 2018), natural gas will continue to play a 
large role in the grid as this transition occurs, and its share of percentage-based 
contribution to the grid will be reduced gradually until the total cost inversion point is 
reached.   
Total Energy Production  
 Duke Energy supplies its customers in the Progress and Carolinas energy grid 
with roughly 120 million megawatt hours a year. This energy costs tens of billions of 
dollars to produce and transitioning a system this large would be a massive undertaking. 
The average VRE simulation in 2029 calls for a total of 21,161 megawatts of solar 
power, 13,782 megawatts of wind power, and 23,228 megawatts of energy storage. The 
magnitude of these numbers is enormous. For reference, the International Renewable 
Energy Agency’s most recent renewable energy statistics report stated that there were 
roughly 22,000 megawatts of VREs installed in the entire United States in the year from 
2015 to 2016 (International Renewable Energy Agency, 2018). Only about five percent 
of the VREs in the 2029 simulation are currently installed in the state, and the gap from 
how much capacity there is now and how much North Carolina would need to be 
completely carbon free is colossal (Energy Information Association, 2018). The model 
concluded that the cheapest grid to operate in 2029 would be made up of VREs and 
nuclear, but the reality of transitioning to a grid this large comes with challenges.  
Challenges 
 There are many challenges stemming from the conclusions of this experiment. 
Some of the largest challenges are related to the time duration of the energy storage, the 
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amount of new infrastructure development it would take to reach the 2029 VRE energy 
mix, the amount of overbuilding required to meet the demand, and the work needed to 
transition the grid from a centralized power supply to a decentralized power supply.  
Energy Storage Time Duration 
 In order to meet the 2029 VRE simulation numbers, the storage systems will need 
enough capacity to store energy for days. This goal will not be achieved by focusing on 
one energy storage solution. The prices used in the experiment come from lithium ion 
battery storage, but there are myriad of ways to store electricity.  
The World Energy Council, an impartial network of energy practitioners 
promoting affordable and stable energy systems, released a report in 2016 about the wide 
variety of energy storage technologies (World Energy Council, 2016). The report stated 
that lithium ion batteries are good for the energy storage from seconds to hours, and that 
their cost will significantly decline over the next 15 years. Lithium ion batteries also have 
the most commercial interest and investment committed currently. This type of battery 
will play a large role in the energy transition, but it alone will not be enough to meet the 
energy storage needs predicted by the 2029 model. The main reason for this is that it is 
very expensive to store energy in lithium ion batteries for long periods of time. 
Additionally, once these lithium ion batteries are turned on, they can only supply energy 
for up to eight hours. Batteries also have to be kept at a certain temperature when holding 
a charge, adding additional cooling costs to hold this energy. This, along with the 
chemical limitations of holding a charge for a long period of time, create the need for 
other energy storage technologies. The storage needed by the model will, at times, need 
to store energy for days or weeks and have enough energy stored up to last for hours or 
days (World Energy Council, 2016).  
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The most likely technology to fill in this gap will be pumped hydroelectric storage 
because it is, by far, the most mature energy storage technology, and it is currently the 
cheapest (Jülch, 2016). Pumped hydroelectric storage makes up roughly 98 percent of the 
global energy storage to date, and the first projects were built over a century ago. Pumped 
hydroelectric storage is currently used to store excess amounts of nuclear during the 
night. A nuclear plant cannot decrease the amount of electricity it produces, so pumped 
hydroelectric facilities intake the cheap nuclear energy at night as potential energy and 
expend it during the peak demand hours of the day. It is important to note that in the VRE 
models, there was no excess nuclear produced. Therefore, the pumped hydroelectric 
storage currently being used to store excess nuclear power could be used to store 
intermittent energy from VREs (National Hydropower Association, 2018). As such, any 
new or current pumped hydroelectric storage capacity could be used to help make VREs 
dispatchable.  
In 2016, the National Hydropower Association partook in a joint legislative 
commission on energy policy with the North Carolina state legislature and highlighted 
the current use and potential use of pumped hydroelectric storage in North Carolina. 
North Carolina currently obtains around 4,000 gigawatt hours every year from 
hydroelectric dams with a smaller percentage of this made up from the pumped 
hydroelectric storage production. The joint committee recommended an upgrade to the 
Bad Creek pumped hydroelectric facility, which is a project Duke Energy is currently 
undertaking. It also recommended building three new pumped hydroelectric facilities at a 
new site that could add 4 gigawatts of power capacity (National Hydropower 
Association, 2016). If there is to be enough pumped hydroelectric storage to meet the 
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2029 VRE model’s demand, North Carolina would need to draft policy that values 
pumped hydroelectric storage as a necessary asset for the energy transition. This would 
include examining the equality of incentives for all types of renewable energy generation 
and changing regulations around the construction and operation of pumped hydroelectric 
facilities. 
Transitioning to a Decentralized Grid 
The transition from the present-day grid to a scenario similar to the 2029 VRE 
simulation would require significant VRE infrastructure development. North Carolina is a 
regulated energy market, meaning that any amount of energy put on the grid or used from 
the grid is regulated by Duke Energy. In order for a new power plant to be put on the 
grid, it has to receive an interconnection agreement from Duke Energy. This poses a 
problem for power producers, who are beholden to the will of Duke Energy throughout 
the interconnection process. Interconnection can delay projects and put an added burden 
on energy producers. 
Duke Energy has a lot of projects up for interconnection. It is not necessarily that 
Duke Energy wants to slow the integration of VREs into the grid, it simply takes time to 
process each interconnection request. The utility is responsible for ensuring that the grid 
is safe and functional at all times, and it currently does not have the resources to process 
the large queue and ensure that the grid is 100 percent reliable through this transition.  
 This experiment accounted for the total cost of supplying VREs to the grid, in a 
sense, making them dispatchable resources. However, this study did not assess the added 
cost of grid improvements and alterations.  
 Today, the vast majority of the electricity in North Carolina comes from large 
centralized power plants. These power plants send out all the electricity from one location 
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and they are planned out in a way that makes the most sense for equal distribution. In a 
world where the grid is serviced by VREs, this would not be the case. A grid serviced by 
VREs would consist of hundreds or thousands of smaller power plants, all randomly 
spread across North Carolina. Furthermore, Duke Energy would have no control over 
when these power plants produce energy. This new world of randomly generated, 
decentralized power plants could be more reliable in the future but is out of reach given 
current generation and transmission infrastructure. Duke Energy needs to make physical 
upgrades and alterations to the grid, as well as develop the software and programs that 
could keep a decentralized grid stable and equitable to all the power producers (Lu et al., 
2014). 
 Duke Energy completed a study of VRE integration on its own grid in 2014. The 
Duke Energy study’s goal was to assess the impacts of solar on transmission and 
generation cost – something that this study did not consider. The study concluded that 
with the current infrastructure, the grid could not be serviced with more than 20 percent 
solar integration without starting to incur major additional costs (Lu et al., 2014). This 
could be problematic because in the next 5 to 10 years when dispatchable VREs become 
cheaper than fossil fuels, market economics predict an influx of VREs onto the grid. This 
could weaken the stability of the grid and electricity prices if Duke Energy does not make 
the proper grid upgrades and alterations.  
If the state is going to meet the necessary construction of VREs identified in the 
2029 simulation and handle the complex transition from a centralized grid to a 
decentralized grid, then the state legislature will have to allocate more resources to Duke 
Energy to assist with grid upgrades and grid management. If the experiment conducted in 
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this study is correct, then by 2029, the North Carolina grid will see much more that the 20 
percent VRE energy mix that Duke Energy can currently handle, and Duke Energy will 
desperately need help to facilitate this transition.  
Amount of Overbuilding Required 
The amount of overbuild required to service the demand with VREs is large. 
Figure 8 is a graphical representation of the total demand and the total production in the 
2019 VRE simulation. The red line represents the demand and the purple line represents 
the total energy produced. It is apparent that, at times, the energy grid would have to 
curtail or store a lot of excess production (purple line). The energy storage discussed in 
the section above will be an important part of the solution on the supply side, but it is 
important to look at solutions for the demand side as well. Researchers have recently 
found a potential solution in a theory called “demand-side management” (Kotur & 
Đurišić, 2017). Kotur & Đurišić claim that the renewable energy intermittency problem 
can be solved by tailoring societies’ demand to fit the renewable’s output. Demand-side 
Figure 8: Total Energy Production Visualization 
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management is the practice where the electricity regulator would try to influence its 
customers’ demand to more closely fit the production curve of the generation sources. 
This would minimize the amount of overbuild and storage required, and it would reduce 
the total cost of the electricity grid. 
A specific technique of demand-side management gaining traction is price-based 
demand response. With this technique, the electricity prices would change based on the 
current demand and supply at the time-of-use. Much like toll road operators change the 
price of the toll based on the amount of traffic, utilities would charge a lower price when 
there is an excess supply and charge a higher price when there is excess demand. This 
technique can be paired with smart grid systems such as smart appliances to help match 
the demand to the supply. Smart grid systems are systems in which the machines 
consuming the electricity are able to directly communicate with the grid operation system 
in order to respond to real time changes in price. Simply put, consumers could let their 
home appliances communicate with the energy grid and run their respective tasks at the 
time when the electricity is the cheapest. 
Yang, Meng and Zhou (2018) researched the implications of demand-side 
management and demand response in China. China is the largest consumer of electricity 
and the largest producer of renewable energy, so it is a great case study for the 
applications of demand-side management (International Energy Agency, 2017). China is 
experimenting with different time-of-use pricing models as a part of the “Energy 
Production and Consumption Revolution” policy. They concluded that electricity should 
be treated like a special commodity because of its fluctuations of supply and demand and 
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the difficulty to limit or store the supply. They argue that with price-based demand 
response, China is already seeing parts of the grid save money.  
This study concludes that, over the next ten years, dispatchable VREs will 
become cheaper than dispatchable fossil fuels in North Carolina, but the reality of a 
transition this large comes with many challenges. The energy industry needs to move 
rapidly, and North Carolina should make addressing these challenges a priority in order 
to be ready when the influx of VREs start to materially impact the energy industry. 
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CONCLUSION 
 
This study set out to determine if dispatchable VREs were cheaper than 
dispatchable natural gas. VREs are energy generators that do not rely on a finite amount 
of fuel for generation. VREs have become competitive with traditional sources on a cost 
per unit basis, but they cannot be truly compared without adding costs to make VREs 
dispatchable. VREs have garnered a significant amount of attention because they produce 
electricity without emitting carbon dioxide, a greenhouse gas. VREs could play a large 
role in reducing the effects of climate change if they were to supply a large percentage of 
the grid’s power. 
 Although the current prices have natural gas being cheaper, trends from this 
study show that there is a transition coming in the next 5 to 10 years that will make 
dispatchable VREs cheaper than natural gas. This was concluded by running 14 different 
simulations of a VRE pricing model and natural gas pricing model. These models were 
required to service 100 percent of the demand required of the Duke Energy electricity 
grid servicing the Carolinas. Estimates of high, middle and low-price scenarios were used 
to add sensitivity to the analysis.  
These conclusions point to an influx of low carbon energy technologies over the 
next 10 to 15 years in North Carolina due to the invisible hand of simple market 
economics. Ideally, the market will be able to choose the lowest cost technology to 
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generate electricity, and that will soon be dispatchable VREs. This addition of VREs 
could help mitigate the worst effects of climate change and help keep the planet from 
warming more than 2 degrees Celsius above Pre-Industrial levels.  
This influx of low carbon technology does not come without challenges, and if 
these challenges are not addressed in a timely manner, normal market economics will not 
work when VREs get cheaper. There will need to be a lot of infrastructure built in a short 
amount of time in order to mitigate climate change, and the grid will need to receive 
massive upgrades. If the state of North Carolina can invest in the grid upgrades required 
to transition to a high VRE scenario over the next ten years, the economics of the VRE 
model will be allowed to flourish, thus mitigating a portion of climate change. The state 
of North Carolina is well positioned to lead this transition from traditional fossil fuel 
resources to dispatchable VREs and should continue to focus on the tackling the 
challenges associated with this transition.  
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Appendix A: VRE Model 
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